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(54) OPTICAL TRANSMISSION LINE, NEGATIVE DISPERSION OPTICAL FIBER USED FOR THE 
OPTICAL TRANSMISSION LINE, AND OPTICAL TRANSMISSION SYSTEM COMPRISING 
OPTICAL TRANSMISSION LINE 



(57) This invention provides an optical transmission 
line, which is small in dispersion in the 1 570 to 1 620nm 
band (L-band) and low in nonlinearity, and thereby ena- 
bles wavelength division multiplexed transmission in the 
1520 to 1620nm band, which contains the wavelength 
band that has been considered priorly. With this optical 
transmission line, an optical amplification device (32), 
an SMF (33). and an L-RDF (34) are connected in that 
order to comprise a block, and one or more such blocks 
are inserted between an optical signal sending device 
(31) and an optical signal receiving device (35) to fomi 
the optical transmission line. With SMF (33), the disper- 
sion value and dispersion slope value in a preset wave- 
length band within the L-band are both positive. L-RDF 
(34) Is a line-type negative dispersion optical fiber that 
compensates the dispersion and dispersion slope of 
SMF (33) in the abovementloned preset wavelength 
band. By connecting these SMF's (33) and L-RDPs 
(34), the dispersion value in the abovementioned preset 
wavelength band of the optical transmission line as a 
whole is made greater than or equal to -1 ps/nm/km and 
less than or equal to 1 ps/nm/km. 
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Description 
Field of the Art 

5 [0001] The present invention concerns an optical transmission line, which is used for example for wavelength divi- 
sion multiplexed optical transmission, a negative dispersion optical fiber to be used in the optical transmission line, and 
an optical transmission system which uses the optical transmission line. 

Background Art 

10 

[0002] Generally, a single mode optical fiber (shall be referred to hereinafter as "SMF") is used in an optical trans- 
mission line, and this SMF has a zero dispersion wavelength in the 1310nm band. Though the use of this SMF for opti- 
cal transmission in the 1550nm band is being considered, the SMF has a positive dispersion value and a positive 
dispersion slope in the 1550nm band. Thus when the SMF is used singly for wavelength division multiplexed optical 

15 transmission in the 1550nm band, the ill effect of wavelength dispersion occurs. Therefore, in order to compensate for 
this wavelength dispersion, active research is being candied out on module-type wavelength dispersion compensation 
optical fibers for short length use (this type of module-type dispersion compensated optical fiber shall be referred to 
hereinafter as "DCF"). Such a DCF is disclosed for example in Japanese Laid-open Patent Publication No. He! 6-11 620. 
[0003] As an example of a DCF, a DCF has been developed with which the refractive index of the center core is 

20 made high to make the dispersion value a large negative value and thereby achieve a high figure of merit (FOM) (FOM 
= approximately 200). 

[0004] Also, known forms of refractive index profiles of DCF's include single peak type profiles, such as those of 
matched cladding type fibers, and multiple cladding type fibers, such as W-type fibers. The abovementioned single 
peak type DCF has a positive dispersion slope. Thus when this type of DCF is connected to an SMF, though the disper- 

25 sion at a single wavelength will be compensated, the dispersion slope will increase further. This type of DCF is therefore 
unsuitable for wavelength division multiplexed transmission (shall be referred to hereinafter as "WDM transmission"). 
Meanwhile, W-type and other types of multiple cladding type DCF's are optical fibers that can compensate the disper- 
sion and dispersion slope of an SMF These fibers have thus been attracting attention in that they provide an arrange- 
ment suitable for WDM transmission when connected with an SMF 

30 [0005] That is, a slope compensation type dispersion compensation fiber (DFCF), which can compensate the dis- 
persion value and the dispersion slope at the same time, is being demanded for compensation of the wavelength dis- 
persion of an SMF A high FOM and the control of the compensation factor described below are required of such a DCR 
[0006] The dispersion compensation performance that Is exhibited when a DCF is connected with an ordinary SMF 
can be understood readily when expressed by the compensation factor as follows: 

35 

Compensation factor (%) = {(S qcf ^ S smf) ^ (D dcf ^ D smf)} C ) 

[0007] In equation (1), SDCF is the dispersion slope of the DCF, SSMF is the dispersion slope of the SMF, DDCF 
is the dispersion value of the DCF, and DSMF is the dispersion value of the SMF The above values are values within 
40 the bandwidth of SMF dispersion compensation by the DCF (conventionally, a bandwidth of 1 520 to 1 570nm) or values 
at an arbitrary wavelength within this wavelength band. With regard to the above equation, wide bandwidth zero disper- 
sion can be accomplished more successfully the closer the compensation factor is to 100%. An optimal design for this 
DCF is proposed in Japanese Laid-open Patent Publication No. Hei 8 -136758. 

[0008] However, such a DCF aimed at short lengths is effective only for dispersion compensation of SMF's that 
45 have been installed presently and cannot comprise a new fiber line just by itself. Due to the nature of its profile, the 
above-described DCF cannot maintain the low nonlinearity that is the excellent feature of SMF's. That is, a DCF is 
aimed at compensating the dispersion value or dispersion slope of an SMF with as short a length as possible. A DCF 
is thus generally small in MFD and large in A1, and such a DCF tends to be extremely likely to give rise to nonlinear 
phenomena. 

50 [0009] Recently, line-type dispersion compensation optical fibers with dispersion characteristics that are inverse to 
those of the SMF (this type of line-type dispersion compensation optical fiber shall be referred to hereinafter as "RDF") 
are being considered as optical fibers of low nonlinearity that can compensate the dispersion and dispersion slope effi- 
ciently. RDF's are described for example in ECOC '97 Vol.1 p. 127 and Japanese Laid-open Patent Publication No. Hei 
10-319920. 

55 [0010] The above-described conventional DCF's and RDPs are designed only for compensation in the 1520nm to 
1570nm band (shall be refen-ed to hereinafter as the "C-band"). 

[001 1] Recently, the use of a wavelength band of 1570nm or more, or to be more specific, the use of the 1570m to 
1 620nm band (shall be referred to hereinafter as the "L-band") for wavelength division multiplexed optical transmission 
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ic hPina considered For example, optical ampirie-s that can amplify Bght of the L-band are being developed Expansion 

XeCfcaUransmission using both this L-band and the abovementioned C-band .s ^e-ng cons,^^^^^^^^^ 
00121 However at present, dispersion compensation optical fibers for compensation ,n the L-band have no^ been 
proposed anroXauLmis^on nnes for performing wavelength muWplexed optteal transm.ss.on .n the wavelength 

ZT' TprSenttvention has been made to soh,e the above problems. That fe. a final object of this invention is 
o nLnt I wiSna MMsion multiplexed optical transmission system wrth which wavelength div^.on muft.plexed 

optical fiber in a preset wavelength band. 
Disclosure of the Invention 

rooiTl An optical transmission line of the first arrangement of this invention is characterized in that a P°sWve dis- 
anddspei '^^^^^ 

». abo^.*»r«.ed .™n9.menl. ft. w«»lenglh tad adpcem the w»elenglh band ol 1570 to 

3j^rs=n-ro^c=rrrr^^^^^^^ 
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having the above-described fourth arrangement, a function for compensating the wavelength dependence of the trans- 
mission loss in the wavelength band of 1570 to 1 620nm is provided. 

[0023] An optical transmission line of the seventh an^ngement of this invention is characterized in that a positive 
dispersion optical fiber, with which both the dispersion value and dispersion slope in a preset wavelength band within a 

5 wavelength band of 1520 to 1570nm are positive, a negative dispersion optical fiber, which compensates the dispersion 
and dispersion slope of the abovementioned positive dispersion optical fiber in a wavelength band adjacent the wave> 
length band of 1520 to 1570nm, and a dispersion characteristics adjustment fiber, which compensates the dispersion 
and dispersion slope in the abovementioned preset wavelength band of the optical fiber connection unit formed by con- 
nection of the abovementioned negative dispersion fiber and the abovementioned positive dispersion optical fiber, are 

10 connected to make the dispersion value of the optical transmission line as a whole greater than or equal to -1 ps/nm/km 
and less than or equal to Ips/nnn/km within the abovementioned preset wavelength band. 

[0024] An optical transmission line of the eight arrangement of this invention is characterized in that the wavelength 

band adjacent the wavelength band of 1 520 to 1 570nm is set to the wavelength band of 1570 to 1 620nm. 

[0025] An optical transmission line of the ninth anangement of tiiis invention is characterized in that, in addition to 

15 having the arrangement of the above-described first, second, third, sixth, seventh, or eighth arrangement, the above- 
mentioned positive dispersion optical fiber has a positive dispersion in at least the wavelength band of 1520 to 1620nm. 
[0026] An optical transmission line of the tenth arrangement of this invention is characterized in that, in addition to 
having the arrangement of the above-described fourth arrangement, the abovementioned positive dispersion optical 
fiber has a positive dispersion in at least the wavelength band of 1520 to 1620nm. 

20 [0027] An optical transmission line of the eleventh arrangement of this invention is characterized in that, in addition 
to having the anBngement of the above-described fifth an^ngement, the abovementioned positive dispersion optical 
fiber has a positive dispersion in at least the wavelength band of 1 520 to 1 620nm. 

[0028] An optical transmission line of the twelfth arrangement of this invention is characterized in that, in addition 
to having the arrangement of the above-described first, second, third, sixth, seventh, or eighth arrangement, the above- 
25 mentioned negative dispersion optical fiber has a negative dispersion in at least the wavelength band of 1520 to 
1620nm. 

[0029] An optical transmission line of the thirteenth arrangement of this invention is characterized in that, in addition 
to having the arrangement of the above-described fourth arrangement, the abovementioned negative dispersion optical 
fiber has a negative dispersion in at least the wavelength band of 1520 to 1620nm. 
30 [0030] An optical transmission line of the fourteenth arrangement of this invention is characterized in that, in addi- 
tion to having the arrangement of the above-described fifth arrangement, the abovementioned negative dispersion opti- 
cal fiber has a negative dispersion in at least the wavelength band of 1 520 to 1 620nm. 

[0031 ] A negative dispersion optical fiber of the first arrangement of this invention is characterized in being used in 
any of the above-described optical transmission lines of the first through fourteenth arrangements, having the disper- 

35 sion value at an arbitrary single wavelength in the preset wavelength band within the wavelength band of 1570 to 
1 620nm being set greater than or equal to -75ps/nm/km and less tiian or equal to -15ps/nnri/km, and being made neg- 
ative in the value of the dispersion slope in the abovementioned preset wavelength band and thereby provided with the 
characteristics of lowering the dispersion value and dispersion slope in the abovementioned preset wavelength band of 
a positive dispersion optical fiber installed In the abovementioned optical transmission line. 

40 [0032] A negative dispersion optical fiber of the second anBngement of this invention is characterized in that, in 
addition to having the anBngement of the above-described negative dispersion optical fiber of the first arrangement, the 
transmission loss at an arbitrary single wavelength in the preset wavelength band within the wavelength band of 1570 
to 1620nm is set to 0.27db/km or less, the polarization dependence loss is set to 0.15ps/km1/2 or less, and the mode 
field diameter is set to 5.5 \3jr) or more to provide bending loss characteristics that enable the fiber to be made into a 

45 cable. 

[0033] A negative dispersion optical fiber of the third arrangement of this invention is characterized in that, in addi- 
tion to having the arrangement of the above-described negative dispersion optical fiber of the first or second arrange- 
ment, a center core with an outer diameter of a, a side core, which sun-ounds the center core and has an outer diameter 
of b, and a cladding, which surrounds the side core, are provided, and when the specific differential refractive indices of 

50 the abovementioned center core and side core based on the refractive index of the abovementioned cladding are given 
as A1 and A2, respectively, the value of a/b is set within the range, 0.4 to 0.55, the value of A2/A1 is set within the range, 
-0.45 to -0.30, A1 is set within the range, 1 to 1 .4%, and the value of a is set within the range 10.5 to 14.0^lm. 
[0034] A negative dispersion optical fiber of the fourth arrangement of this invention is characterized in that, in addi- 
tion to having the anangement of the above-described negative dispersion optical fiber of the first or second anange- 

55 ment, a center core with an outer diameter of a, a first side core, which surrounds the center core and has an outer 
diameter of b, a second side core, which surrounds the first side core and has an outer diameter of c, and a cladding, 
which surrounds the second side core, are provided, and when the specific differential refractive indices of the above- 
mentioned center core, first side core, and second side core based on the refractive index of the abovementioned clad- 
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^^ A9 «nri A3 resDectiveiv the value of A1 is set within the range. 0.9 to 1 .5%. the value of A2 Is set 

in mutually opposite directions. arranaement of this invention is characterized in that an optical 

[0037] An optica, ^--^.0"^^^^^^^^^^^^^ ,3 formed by connecting the 

transmission line of any of the above-desc ibed secona ^"ro"9 ^, disperelon fiber 

posrtive dispersion opfK^al fiber, the rf'^P^-l^'^" ^t^^^^^^^^ f ^^^"^^^^^^ line is used as the input 

I that order, the terminal part of the posft^e dispersion ^^^^^.'"''^^'^^^^^^ 1570 to 1 620nm. the 

tem^inal part for an optica, signal of a ^'-^ P^^;:^;^^^^^^^^^^ as the input temiinal part for 

terminal part of the negative d«pers.on °P^^' f^^^ "^'^^^^^^^^^ adjacent to 1 570 to 1 620nm. and the 

:;st:rtre;r^^^^^ 

to having the arrangement of the above-descnbedoptolsy^^^^^^ • ,ine and the 

1570nm to 1 620nm. arranaement the construction of a low-dispersion WDM 

40 ment of having low dispersion characteristics '" J mnge. ^52°"^^^;^^^^^^^^^ an^ngement of this invention, the 

made of such characteristics in L-RDF as low nj>nnnearny . 

PMD. WDM transmission not oniy in the L-band but in the L-band + C-band as well is enaoieo oy 



30 



35 



5 



1 l> * t> 

EP 1 083 446 A1 

mentioned line-type dispersion compensation optical fiber as a negative dispersion optica! fiber. 
[0046] Furthermore, the possibilities of WDM transmission in the L-band are expanded by the provision of an opti- 
cal transmission line with which WDM transmission in the L-band can be performed using a conventional RDF. 
[0047] Furthermore, since an optical transmission system that uses an optical transmission line of this invention is 
5 an optical transmission system that uses an optical transmission line that exhibits the above-described excellent effects, 
it can be made an excellent optical transmission system that enables wavelength division multiplexed optical transmis- 
sion. 

[0048] Also, with an optica) transmission system of this invention, an optical signal in a first preset wavelength band 
within the wavelength band of 1570 to 1 620nm and an optical signal In a second preset wavelength band within a wave- 

10 length band adjacent to the wavelength band of 1570 to 1 620nm are set. Since the optical transmission system of this 
invention transmits an optical signal to be transmitted upon dividing the signal into the abovementioned optical signals 
of the first preset wavelength band and second preset wavelength band, the optical signal of the first preset wavelength 
band can for example be amplified by an optical amplifier for amplification in that wavelength band and the optical signal 
of the second preset wavelength band can be amplified by an optical amplifier for amplification in that wavelength band. 

75 An optical transmission system of this invention can thus perform wavelength division multiplexed transmission, etc. 
accurately. 

[0049] Fu rthermore, with an optical transmission system of the second or third an^ngement of this invention, since 
the optical signal of the first preset wavelength band and the optical signal of the second preset wavelength band are 
transmitted in mutually opposite directions, the overlapping of the signal optical power of the first preset wavelength 
20 band with the signal optical power of the second preset wavelength band can be repressed to thereby restrict the occur- 
rence of nonlinear phenomena, etc. 

[0050] Also, with an optical transmission system of the second or third arrangement of this invention, an optical sys- 
tem with which neither the cumulative dispersion of the optical transmission line with respect to the optical signal of the 
first preset wavelength band nor the cumulative dispersion of the optical transmission line with respect to the optical sig- 
25 nal of the second preset wavelength band will be zero from the point immediately after optical signal input to the termi- 
nation of the optical transmission line can be arranged as in an optical transmission system of the fourth anangement 
of this invention. By arranging an optical transmission system thus, since the optical signals of the first and second pre- 
set wavelength bands will not have to pass through a point at which the dispersion at the signal optical wavelength is 
zero, waveform distortion due to nonlinear phenomena can be restricted even more concretely. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0051] 

35 Fig. 1 is a block diagram, which shows a first embodiment of an optical transmission line of this invention, Fig. 2 is 
an an^ngement diagram, which shows an example of the refractive index profile of a negative dispersion optical 
fiber used in an optical transmission line of this invention, Fig. 3 is an anBngement diagram, which shows another 
example of the refractive index profile of a negative dispersion optical fiber used in an optical transmission line of 
this invention, Fig. 4 is a block diagram, which shows a second embodiment of an optteat transmission line of this 

40 invention, Fig. 5 is an explanatory diagram, which illustrates the concepts of compensation of the wavelength 
dependence of the loss characteristics of a wavelength division multiplexed optical transmission line by this inven- 
tion, Fig. 6 is an explanatory diagram, which shows examples of the wavelength dependence of the dispersion 
characteristics and the wavelength dependence of the loss characteristics of an optical transmission line of this 
invention, and Fig. 7 is an explanatory diagram, whk:h shows an example of the wavelength dependence of the dis- 

45 persion characteristics of an optical transmission line of this invention. 

Fig. 8 is a block diagram, which shows an optical transmission system of a first embodiment of this invention, Fig. 
9 shows explanatory diagrams with (a) showing the dispersion characteristics of the respective optical fibers that 
comprise the abovementioned optical transmission system of the first embodiment, (b) showing the cumulative dis- 
persion characteristics when an optical signal of 1520 to 1620nm passes through this optical transmission system 

so from the left side to the right side of Fig. 8, and (c) showing the cumulative dispersion characteristics when an opti- 
cal signal of 1 520 to 1 620nm passes through this optical transmission system from the left side to the right side of 
Fig. 8, Fig. 10 shows graphs with (a) showing the cumulative dispersion characteristics for an optical signal of a 
wavelength within the first preset wavelength band of the abovementioned optical transmission system of the first 
embodiment and (b) showing the cumulative dispersion characteristics for an optical signal of a wavelength within 

55 the second preset wavelength band of this optical transmission system. Fig. 11 is a block diagram, which shows an 
optical transmission system of a second embodiment of this invention, Fig. 12 shows graphs with (a) showing the 
cumulative dispersion characteristics for an optical signal of a wavelength within the first preset wavelength band 
of the abovementioned optical transmission system of the second embodiment and (b) showing the cumulative dis- 
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istics of a prior-art wavelength division multiplexed optical transmission line. 
Best Modes for Carrying Out the Invention 

necting optical amplification device 32, SMF 33, and L "O^- ' ^ j,^, amplification device 32 

equal to 1 ps/nm/Km in the abovementioned preset .^^^'^'^^^^^^^^^ R^pg ^^re all developed only in consid- 

10056, AS has been -n«o-^^^^^^^^ S:^^^ IS^f^e; Sen^^^^^ the dispei of SMPs in the 
eration of the dispersion of SMF s in the C band, it was disoereion compensation optical fiber for com- 

is s™l otitthe ronltoar refractive inde>. « large. '^1'2^'SZ°'Z,mZ mcdule-wpe dlape^on compens.- 

^;^irpS::::::LX.::-:=^ 

««a»ll«8ma.tor««-an.olMa,ph«^^ c<.„pe„.«lon optical fbe, (RDFt«»). 

[00601 Tl« present imffintor thus conadereo tnal aine W« " >; ™i«„m. « a ne™ t»oe ot dispersion com- 
L-rcn » larger m MFD and lower in nonHnearit, «.»! a "^fj"' ™^ ,'^SioM^ DCF id being low 
pensalion optica »»r. M RDF also provides tne ments »' ^' « j'^T " 7 JJ^'™ '^^^^^^ „ place an RDF for 

Sr"S.t.nen.ingapri..ar.RDF..*«,^s^«^^^^ 
RDFof.lengthofappr»irn«e»1/3tol.m *e»njf^^^^ 

raS^Cor:;s;r'^''.S'<i^^^^^^^ 
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sation of an SMF in the L-band with this length, the dispersion value of the L-RDF in the L-band should preferably be in 
the range, -15 to -75ps/nm/km. 

[0062] The above-described nonlinear phenomena become extremely significant when the power of the light is 
strong. Thus in an-anging an optical transmission line by connecting an SMF with an L-RDF, it is considered effective to 
5 connect the output side of an optical amplifier to the input side of the SMF, which is fiber that is lower in nonlinearity, and 
connecting the RDF to the output side of the SMR With this order of connection, the light will be weakened by passage 
through the SMF and the weakened light will then pass through the L-RDF, which is an optical fiber that is higher in non- 
linearity than the SMR 

[0063] In order to optimize the profile structure of an L-RDF for meeting the abovementioned characteristics, the 
10 present inventor earned out the following examination. First, a three-layer profile, such as that shown in Fig. 2, was used 
as the basic structure for optimization of the specific structure, in Fig. 2. 1 is a center core, 2 is a side core, and 3 is a 
cladding, and this optical fiber is fomried by surrounding center core 1 with the side core and sun-ounding side core 2 
with cladding 3. This type of three-layer profile has a negative dispersion slope in the L-band and the structure thereof 
is simple. This type of three-layer profile has thus been noted as a profile with which DCPs and RDF's can be manu- 
75 factured readily. 

[0064] Here, the specific differential refractive indices were defined based on the cladding part of the three-layer 
structure. The specific differential refractive index of center core 1 based on cladding 3 was indicated as A1 , the specific 
differential refractive index of side core 2 based on cladding 3 was indicated as A2, and RA was defined as 
RA = A2/A1 . Also, the diameter of center core 1 was indicated as a, the diameter of side core 2 was indicated as b, 
20 and Ra was defined as Ra = a/b . The optimization of the combinations of these values was then examined. 

[0065] First, in the detemiination of the dispersion value, the RA, which is considered to be the most important fac- 
tor, was optimized. With a DCF (module-type dispersion compensation optical fiber), it is known that the setting of RA 
to approximately -0.3 will be unproblematic to manufacture (will not present problems) and will also enable a high com- 
pensation factor to be realized regardless of the value of A1 . The value of RA was thus fixed (= -0.3) and then the opti- 
cs mal values of A1 and Ra were considered. Since the achieving of low nonlinearity is being currently stressed, the 
examination was centered on making A1 small and the MFD large. 

[0066] The variations of the characteristics at a wavelength of 1 590nm with respect to the value of RA when RA is 
fixed at -0.3 and A1 is fixed at 1.1% are shown in Table 1 . It was premised that the dispersion and dispersion slope were 
approximately 100% compensated. 

30 



(Table 1) 
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Ra 


core diameter 


Ac 


Dispersion 


Slope 


MFD 


Aeff 


p/k 


Units 


Jim 


nm 


ps/nnn/km 


ps/nm^/km 


Jim 






0.35 


15.58 


780 


-14.34 


-0.038 


5.54 


22.65 


1.44532 


0.40 


1475 


794 


-16.70 


-0.044 


5.58 


23.06 


1.44551 


0.45 


13.39 


805 


-20.91 


-0.055 


5.65 


23.78 


1.44559 


0.50 


12.66 


810 


-25.32 


-0.067 


5.76 


24.60 


1 .44560 


0.55 


11.02 


802 


-30.73 


-0.081 


5.81 


25.27 


1.44552 


0.60 


9.98 


798 


-34.82 


-0.092 


5.87 


25.96 


1.44541 



45 

[0067] As is clear from Table 1 , in order to realize low nonlinearity and a high propagation refractive index (p/k; an 
index that expresses the quality of the propagation conditions), the value of Ra must be set within the range of about 
0.45 to 0.55. Next, the Ra was fixed at 0.5 and the RA was varied to see if RA = -0.3 is really optimal. As a result, it was 
found that the propagation conditions are optimized near RA = -0.38. 
50 [0068] Next, the variations of the dispersion and MFD when A1 is varied within the above profile range were exam- 
ined. Ra and RA were adjusted finely within a range close to the abovementioned values so that the high compensation 
factor and low bending loss will be maintained. It was found that generally when A1 is increased, the MFD decreases, 
the dispersion increases, and the cutoff wavelength also tends to increase. 

[0069] The profile was then detemnined based on the above observations. First, the upper limit of A1 , with which an 
55 MFD of 5.5|Lim or more can be obtained, will be 1 .4%. Meanwhile, if the cutoff wavelength falls to 800nm or less, the 
bending loss will generally increase. The lower limit of A1 , for which the bending loss will not become 1 0db or more for 
a diameter of 20mm, will thus be 1.0%. For the respective profiles, the core diameter was determined to be within a 
range (lO.S^m to 14.0(im) in which the dispersion and dispersion slope wilt be compensated adequately. 
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was obtained with the three-layer profile. •„„ ^ha«rteristlcs in the C-band will also be such that 

[0071] mhin the above-described p«.fi.e range. ^^^'^^^^^^^^^^^^^^ above-described three-layer 

^S~Sl=^tsr.- 

Compensation factor (%) = {(S „df / S smf) ' rdf ' ^ smf)) 
,0., E.ation.)appliestheabov.^^^^^^^^^^^^^ 

t^^iTEachrf'rs:^^^^^^^^^ 

Umc structure. W.h this four-layer profile a P°^- j^^^^^^^^^^^^ Ifi e Jte the thrBe-layer profile, is anticipated as 

Lrential refractWe index of center based on 1 d^^ 2^^^^^ ^. J^^^.^, ^^^^.^^ ,,,,, 
th/e index of fi^t side core 22 based °" ^ 9 ir^tJd ^AfAJo the diameter of center core 21 was indicated as 

:rdi=ffrdr.^^^^^^^^^^^ 

optimization of the combinations of * J^J^^.f^^^^ of A2. which is considered to be the most impor- 
[o'o75] . First, in the detem,inat.on <> /^^'"^J^^'^nbToVl value of A2 becomes large, the DCF becomes 

tent factor, was optimized. It « known that .n ^ °CF. when the ao^ ^ ^^^^ ^^^^ ^ 

strong to bending and moreover a high compensation pom, on. The value of A2/A1 was thus 

a tendency for the bending properties to ^^f^/ ^^^^^ compensation factor of nearV 1 00«/o 

set to a value (= -0.3). which is considered to be the optimal y^lue at wn^ a considered. Since attention 
Sn be obtained wfthconventionalDCFs andth^^^ 

is being paid to making the nonllneanty low as -na") small) and the MFD large, 
small (and thus the nonlinear refractive md^ Jhan^^^^^^ 

roo761 Table 2 shows the variations of the characteristics ble 2 that in orderto realize low nonlinearity, 
Kanda:b:cis«xedata:b:c= 1:2:3. Ucanb^^^^^^^ 

that is. a large MFD and a high propagation of i.out 0.25%. It can also be seen that 

rs?^s^:a°x%™c^^ 

persion and dispersion slope are obtained. 

40 



35 



45 



SO 



55 



A3 


Core diameter 


?ic 


Dispersion 


Slope 


MFD 


Aeff 




% 


Jim 


nm 


ps/nm/lcm 


ps/nm^/l<m 


Jim 






0.15 


17.2 


1168 


-17.3 


-0.040 


6.22 


30.6 


1 .44554 


0.20 


16.7 


1339 


-24.8 


-0.066 


6.78 


34.0 


1 .44558 


0.25 


16.3 


1485 


-37.6 


-0.085 


6.95 


42.8 


1 .44562 


0.30 


16.0 


1570 


-41.3 


-0.106 


6.71 


38.3 


1.44559 



9 



'I * t\ 

EP 1 083 446 A1 

satisfy the single mode condition and the bending loss for a diameter of 20mm will not present a problem for making a 
cable, will be approximately 0.9 to 1 .5%. 

[0079] It was also found that if a bending loss of up to about 1 0db/m is allowed for a diameter of 20mm in the above 
range, an MFD of 6.5nm or more is achievable. Here, the value of a:b:c was changed so that the normal dispersion 
5 value and dispersion slope of an SMF in the L-band can be compensated completely 

[0080] As a result, an extremely large dispersion slope was obtained when the value of a:b was 1 : 2 to 1 : 2.5. Also, 
when the value of a:c is 1 : 2.5 to 3, the large, negative dispersion slope will be maintained, the bending loss will not 
increase, and yet the cutoff wavelength will be maintained at 1 550nm or less. The diameter ratio (a:b:c) was thus set to 
1 : 2 to 2.5 : 2.5 to 3. 

10 [0081 J From the above observations, it was found that satisfactory results could be obtained when A1 is set to 0.9% 
to 1 .5%, A2 is set to -0.2% to -0.5%, A3 is set to 0.2 to 0.3%, and a:b:c is set to 1 : 2 to 2.5 : 2.5 to 3.5. The character- 
istics of the above-described profile was then examined for the range of the a constant of the core shape of 1 to infinity 
(triangular to stepped). 

[0082] As a result, it was found that a solution exists with which the slope characteristics are good and the bending 
15 loss for a diameter of 20mm will not become greater than or equal to 1 0dB/m in the range, a = 1 .5 to 3. It was also found 
that when the a constant is set to 1 .5 or less, the bending loss increases and that when a is set to 3 or more, the abso- 
lute value of the dispersion slope becomes extremely small. It was thus found that extremely good characteristics can 
be obtained for an L-RDF, even in the case of a four-layer profile, in the above range. 

[0083] When the core diameter was set to a value at which the compensation factor will be good for each of the 
20 profiles, the core diameter became 13.0 to 1 9.0jim. Also as with the three-layer profile, a negative dispersion and dis- 
persion slope were obtained in the C-band with an L-RDF with a four-layer profile as well. Since a four-layer profile L- 
RDF also provides a high compensation factor of 70% or more, it was found to enable simultaneous WDM transmission 
in the C-band as well. 

[0084] Based on the above-described examination results, the present inventor applied an L-RDF of the above 
25 arrangement as the negative dispersion optical fiber for forming the optical transmission line of the present embodiment 
and formed the optical transmission line of the arrangement shown in Fig. 1 . 

[0085] The effective cross-sectional area of the core {shall be referred to hereinafter as "Aeff") of an L-RDF is gen- 
erally enlarged in comparison to that of a C-DCF (a conventional, module-type dispersion compensation optical fiber for 
C-band compensation) oraC-RDF (a conventional, line-type dispersion compensation optical fiber for C-band compen- 
30 sation). However, the Aeff of an L-RDF is still approximately one-third that of a general SMF. Thus as shown for example 
in Fig. 1 , the system anrangement employed was one in which, following the optica! amplification device 32, SMF 33 is 
inserted first and then an L-RDF 34 is inserted. It is considered that nonlinear phenomena can be restricted by this 
arrangement 

[0086] That is, with this arrangement, high power light immediately after amplification by the amplifier is made to 
35 enter the SMF Since the SMF is low in nonlinearity, nonlinear phenomena will be restricted. Since the light the power 

of which has been attenuated by the SMF is then made to enter the L-RDF, the nonlinear phenomena in the L-RDF will 

also be restricted. Also, since the SMF and L-RDF mutually cancel out the dispersion and dispersion slope in the L- 

band and the C-band, flat and low dispersion characteristics can be obtained in the L-band (or the L-band and the C- 

band). From such characteristics, It can be said that this system is suited for WDM transmission. 
40 [0087] That is, this new type of RDF line is a fiber that can become the mainstream for WDM transmission in the 

future, and by the completion of the profile with which such a fiber can be realized, it has become possible to readily 

manufacture fibers suited for high-speed, large-capacity transmission. 

[0088] A second embodiment of a optical transmission line by this invention is shown in Fig. 4. In Fig. 4, 41 is an 
optical signal sending device, 42 is an optical amplification device, 43 is an SMF, 44 is a DSF (dispersion shift optical 

45 fiber), 45 is a C-RDF, and 46 is an optical signal receiving device. 

[0089] In this second embodiment, SMF 43 functions in the same manner as SMF 33 of the above-described first 
embodiment. That is, SMF 43 functions as a positive dispersion optical fiber with which both the dispersion value and 
dispersion slope in a preset wavelength band within the wavelength band of 1570 to 1620nm are positive. Also, C-RDF 
45 functions as a negative dispersion optical fiber that compensates the dispersion and dispersion slope of SMF 43 in 

50 a wavelength band (the wavelength band of 1520 to 1570nm in the present case) adjacent to the wavelength band of 
1570 to 1 620nm. Furthermore, DSF 44 functions as a dispersion characteristics adjustment optical fiber, which com- 
pensates the dispersion and dispersion slope in the abovementioned preset wavelength band of the optical fiber con- 
nection unit fomied by connecting C-RDF 45 and SMF 43. 

[0090] This second embodiment is characterized in that by the fomnatron of an optical transmission line by the con- 
55 nection of these SMF's 43, C-RDF's 45, and DSPs 44, the dispersion value of the optical transmission line as a whole 
is made greater than or equal to -1 ps/nm/km and less than or equal to 1 ps/nm/km in the abovementioned preset wave- 
length band. 

[0091 ] DSF 44 is a dispersion shift optical fiber with zero dispersion in the wavelength band 1 520nm to 1 620nm and 
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has a Dositive cT.spersion slope in this wavelength band. A general DSF. having a ze«> dispersion wavelength close to 
ISonm S LaSe is employed as DSF 44. Also, a DSF, which Is relative^ suited for WDM transmission in the 
JfsSnm Id Z Sfor'ample. a DSF. wfth which the zero d.persion wavelength is sh«ed by 20nm or more from 
I550nm mav be used as DSF 44. .. . 

C RDF 45 is an RDF that has a negaf-ve dispersion slope and can compensate both the dispersion and dis- 
Sslopeo?SMl«i:theC-band.,nRg.4,aC-DC^ 

EissiornS a conventional RDF (or a DCF with a negative dispersion slope). However. ^ using an o^ical 
, t^smS on line with an SMF 43 + DSF 44 + C-RDF 45 (or C-DCF) arrangement, such as shown in Fig. 4 WDM trans- 
rir^n tle L^band will be enabled even if a conventional dispersion compensation optical fiber is used, 
rooor The reSonti follows. That is. when a conventional dispersion compensation optical fiber ,s used in the 
S the lel^g h drpendence of the dispersion characteristtes in the L-band will be such that ^- "^^^^^J^;^ 
ierabn Z dispe Jn slope will be large as shown in Fig. 13. However, the wavelength dependence of the d^peraion 
5 SeiS« Sf a DSF v^ll be inverse to the wavelength dependence of the 

^hown in Ra 1 3 Thus by connecting the abovementioned DSF of just the length by which the wavelength dependence 
JrL^rsion chara»s of tSe optical transmission line as a whole can be made small, an optical transmission 
L can be SSned ^^^^^^ WDM transmfesion and with which the wavelength dependence of the d,spe.,on 

. Sr^'mhtgaXL order of the libers in the optical transmission line, the order. SMF 43 which has a zero 
SeLn rilJngth in the 1 .S^m band, DSF 44. whteh has a zero dispersion wavelength ,n the 1 -S^M^ ^and, and 
C RDF S ^desirable When these optical fibers ara connected in this order to fom, an optical transmission line, non- 
C-RDF 45. IS ''^s'^^'^- ••"3 Furthermore the MFD of DSF 44 Is preferably set to approximately 8|im since the 

that is for examole the optical signal receiving device side of C-RDF 45 in Fig. 4. ^ ^ ^ . ^ 

raiei However with a conventional RDF for the C-band or a conventional DCF for the C-band. increased loss 
Sue toZe'Code. T^us in order to solve this pr^^^^^^ 

* f^,. +«,norr,-.ceir^n iinp addfid 10 F\Q 4 to the optical transmission line m which SMF 43, DSF 44, and c HUh 

30 rorrDCFTir ombiS Rg 5 shls a conceptuaMiagram of the compensation of the waveleng* dependence 
om nsmfesbn^^^^^^^^^ the concept of compensating the curve of the wavelength -dependence o tran^ 

mlSZS by the above mentioned function and does not illustrate the transmission loss >«^e= P^^^^^'^; 
S^n i^e -Total- curve in this Figure, the abovementioned function provides flat loss characteristics that do not 
deS^nd on the wavelength from the C-band to the L-band and thereby enables WDM transmission. 

3s ?009^ As a^ example of a function for the abovementioned compensation of the wavelength dependence of trans- 
En loss, an oTtrafwave mixer/divider may be connected in the ^^-emerjtioned opti^i tran^^^^^^^ 
the wavelenrth dependence of transmission loss of this optical transmission line will be compensated. this case 
Trra^enfara ^de so that the optical path lengths of the respecf«« branch ports of the optical wave mocer/divider 
will differ or so that an axial shift will occur for each branch port ... 

40 rooil As an example that drffers from the above, the wavelength dependence of transmission loss may also be 
Snsated S using a Mach Zehnder interferometer so that the optteal path length will dWer for each wavelength. 
S As7et anothe^^Lple. the wavelength dependence of transmission loss may also be compensated ^ 
uZ the reflec^V^ 0 a single etaion plate, etc. or by combining the reflectivities of a plurality of etalon plate eta 
Sher meth^^^^^^^^ can corSpensate the wavelength dependence of transmission loss may also be applied to the 

45 present invention. 



(Examples) 



roiool The effectiveness of the optteal transmission line of this invention and the negative dispersion opti<^l fiber 
50 used n th JoptSl — Hna shall now be confirmed by way of examples. Prototypes were made in reference 
to Jrr^uion rLts. The diameter ratios and A's wera set close to the optimal values detemi.ned by ^^lon and me 
^Zent of both low nonlinearity and high compensation factor at the same time was aimed at by making A1 small. 
The two profiles shown in Table 3 were selected based on the simulation results. 

55 
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(Table 3) 



5 



Type 


A1 


a 


A2 


A3 


a:b(a:b:c) 


Core diameter 


Three-layer type 


1.15% 


2.1 


-0.43% 




1:2.1 


1 0.4^1171 


Four-layer type 


1 .08% 


2.4 


-0.39% 


-0.25% 


1:2.2:2.7 


10.4|im 



10 [0101] Prototypes with profiles close to the above profiles were made. The results of the prototypes are shown in 
Table 4. 



(Table 4) 



15 



25 





Fiber 
length 


Transmis- 
sion loss 
@1590nm 


Dispersion 
@1590nm 


Dispersion 

slope 
@1590nm 


MFD 
@1590nm 


Bending 
loss 20^ 




Compensa- 
tion factor 
@ 1 550nm 


Units 


km 


dB/km 


ps/nm/km 


ps/nm^/km 


nm 


dB/m 


nm 




Three-layer #1 


20.0 


0.245 


-19.1 


-0.040 


5.80 


2.9 


847 


53.0 


Three-layer #2 


22.0 


0.250 


-27.1 


-0.065 


5.84 


5.8 


834 


60.7 


Three-layer #3 


22.0 


0.230 


-31.1 


-0.078 


5.89 


9.2 


829 


74.9 


Four-layer #1 


10.0 


0.246 


-18.8 


-0.052 


6.07 


1.9 


1336 


61.3 


Four- layer #2 


10.0 


0.230 


-24.2 


-0.070 


6.15 


3.5 


1310 


73.8 


Four-layer #3 


19.0 


0.240 


■29.4 


-0.075 


6.23 


5.3 


1294 


79.7 



30 [0102] The results show that the L-RDF of this invention provides a high compensation factor In the L-band when 
connected to an SMF at a diameter ratio of approximately 1 : 1 to 1 : 3 as has been described above. It is clear from the 
above results that a line-type dispersion compensation optical fiber (which can be applied as an optical transmission 
line), which has a dispersion value and dispersion slope of the opposite sign and of nearly the same absolute values as 
those of the SMF, is realized by the L-RDR The loss is also restricted to a low level. Also, since a large MFD value of 

35 5.8p.m or more is obtained and moreover since A1 Is small, low nonlinearity is realized. Furthemiore, a compensation 
factor is maintained at a level (50% or more) at which there will be no problenns for practical use in the 1 550nm band as 
well, showing that simultaneous WDM transmission along with transmission in the C-band is enabled. 
[0103] An example of the wavelength dependence of the dispersion characteristics and loss characteristics when 
the L-RDF of Table 4 is connected to an SMF is shown in Fig. 6. Compensation is not only accomplished in the L-band 

40 but to some degree in the C-band as well, indicating the possibility of WDM transmission in the L-band (or L-band + C- 
band). An adequately low average transmission loss of approximately 0.21 dB/km was obtained with this optical trans- 
mission line. 

[0104] Also, an optical transmission line, having a DSF 44, which serves as an optical transmission line that has 
zero dispersion in the range of 1520 to 1620nm and has a positive dispersion slope in the 1520 to 1620nm range, 

45 inserted between C-RDF 45 and SMF 43, was prepared and its effect was checked. 

[0105] With a conventional optfcal transmission line, that is, an optical transmission line an^nged from SMF 43 and 
C-RDF 45, the L-band dispersion characteristics exhibit a steep, negative dispersion slope as shown in Fig. 13. How- 
ever, when a DSF 44 with an MFD of approximately 8|xm Is connected between SMF 43 and C-RDF, the dispersion 
characteristics in the L-band were flattened. It was thus shown that an optical transmission line having a DSF 44 in 

50 between exhibits flatter dispersion characteristics. 

[0106] Fig. 7 shows an example of the wavelength dependence of dispersion in the case where a DSF is inserted 
in an optica! transmission line arranged so that SMF 43 has a length of 20km and the C-RDF has a length of 20km. It 
can be clearly understood that flat dispersion characteristics are obtained by connecting the DSF. 
[0107] An embodiment of an optical transmission system that uses an optical transmission line of this invention 

55 shall now be described. Fig. 8 shows a first embodiment of an optical transmission system of this invention. With the 
optical transmission system of this embodiment, an optical transmission line is formed by connecting an SM F 53, a dis- 
persion characteristics adjustment optica! fiber 54, and a DCF 55, in that order. 

[0108] Also in this Figure, 51 and 57 indicate optical signal sending devices, 56 and 59 indicate optical signal 
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receiving devices. 52a to 52c Indicate optical amplifioation devices for amplification in the L-band 58a to 58c indicate 
optical amplification devices for amplification in the C-band. and 60a to 60d indicate circulators. At least one of the opti- 
cal amplification devices 52b. 52c, 58b. and 58c may be omitted in some cases. 

r0109l The optical transmission system of this embodiment is characterized first of all in having an arrangement in 
which when an optical signal is transmitted along the optical transm-ission line, this optical signal is transmitted upon 
division into an optical signal of a first preset wavelength band and an optical signal of a second preset vravelength 
band To be more specific, the optical transmission system of this embodiment transmrts an optica signal of a first pre- 
set wavelength band, which is sent from optical signal sending device 51. and an optical signal of a second preset 
wavelength band, which is sent from optical signal sending device 57. In mutually opposite directions. 
roilO] The abovementioned optical signal of the first preset wavelength band is an optical signa '" the wavelength 
band of 1570 to 1620nm (L-band). and in the present embodiment, this optical signal is a signal of 1575 to 1620nm 
The abovementioned optical signal of the second preset wavelength band is an optical signal in a wavelength band 
adjacent to the wavelength band of 1570 to 1620nm. and in the present embodiment, this optical signal is a C-band sig- 

railll Also in order to transmit the optical signal of the first preset wavelength band and the optical signal of the 
second preset wavelength band in mutually opposite directions as mentioned above, the temainal part of the SMF 53 
side is uLd as the optical signal input terminal part for the first preset wavelength and optica signal sending devi^^^^^ 

is connected thereto. Also, the temiinal part of the DCF 55 side is used as the optical signal input terminal part for the 
second preset wavelength and optical signal sending device 57 is connected thereto. ,„,,h.co. 
r0112l The abovementioned circulators 60a and 60b have the function of transmitting the optical signal of the sec- 
ond preset wavelength band to the DCF 55 and SMF 53 sides, respectively. Circulators 60c and 60d transmit the optica^ 
signal of the second preset wavelength band among the transmitted signals to the optical amplification devices 58b and 
58c WDM couplers with a wavelength division function can be used in place of circulators as 60a to 60d. 
[0113] In the present embodiment, the SMF 53, DCF 55, and dispersion characteristics adjustmerrt optcal fiber 54 
Ihich comprise the optical transmission line, have the following functions, respectively. That ,s, SMF 53 'unctions ^ a 
positive dispersion optical fiber with which both the dispersion value and dispersion slope in a preset v^^elength band 
Llnthe wavelength bandof1570to1620nm are positive. DCF 55 functions asanegative dispersion op^^^^^^^ 

compensates the dispersion and dispersion slope of SMF 53 in a wavelength band adjacent to the wavelength band of 
1570 to 1 620nm. DCF 55 has a negative dispersion and negative dispersion slope of large absolute values. 
roi1 41 Furthemiore. dispersion characteristics adjustment optical fiber 54 has the function of compensating the dis- 
oersion and dispersion slope in the abovementioned preset wavelength band of the optical fiber connection unrtfomied 
by connecting DCF 55 and SMF 53. In the present embodiment, since stress is laid on compensating the dispei^on 
slope a dispersion characteristics adjustment optical fiber 54, which is small in the dispersion value rtself. is used. With 
this embodiment. SMF 53 may be used as the optical transmission line, and the portion {dispersion characteristics 
ad^sS optic;i fiber 54. DCF 55. and circulators 60a and 60c) delineated by the dotted line in the Figure may be 
installed as a DCF module at relay points of the optteal transmission line. . ^ „ . ^ ^ 

roii51 Table 5 shows the fiber lengths and the dispersions and dispersion slopes in the first and second preset 
wavelength band of the abovementioned optical fibers (SMF 53. dispersion characteristics adjustment optical fiber 54, 
and DCF 55). 



(Table 5) 



Optical fiber 


Fiber 
length (km) 


Second preset wavelength band 


First preset wavelength bs 


ind 






Dispersion (ps/nm/km) 


Dispersion 

slope 
(ps/nm^/km) 


Dispersion 


(ps/nm/km) 


Dispersion 

slope 
(ps/nm^/km) 






1535nm 


1 560nm 




1575nm 


1620nm 




SMF 53 


80.00 


16.0 


17.4 


0.0565 


18.2 


20.7 


0.0555 


Adjustment F 54 


9.00 


-2.95 


-0.2 


0.110 


1.5 


6.4 


0.110 


DCF 55 


17.45 


-73.4 


-80.0 


-0.250 


-83,9 


-97.0 


-0.290 



r0116l in the optical tiansmission system of this embodiment, the optical signal of the first preset wavelength band 
that is sent from optical signal sending device 51 p«,pagates from the left side to the right side of the Figure. That is. 
the optical signal of the first preset wavelength band that is sent is amplified by optical amplification device 52a for opti- 
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cal amplification in the first preset wavelength band (optical amplification in the L-band), and this amplified light enters 
SMF 53 via circulator 60d. After propagating through SMF 53, the light enters optical amplification device 52b via circu- 
lator 60c, is amplified by optical amplification device 52b, and via circulator 60b, enters and propagates through disper- 
sion characteristics adjustment optical fiber 54 and DCF 55, in that order. Thereafter, the light enters optical 
5 amplification device 52c via circulator 60a, is amplified by optical amplification device 52c, and received by optical sig- 
nal receiving device 56. 

[0117] Meanwhile, the optical signal of the second preset wavelength band that is sent from optical signal sending 
device 57 propagates in the direction opposite that of the optical signal of the first preset wavelength band. That is, the 
optical signal of the second preset wavelength band that is sent is amplified by optical amplification device 58a for opti- 

10 cal amplification in the second preset wavelength band (optical amplification in the C-band), and this amplified light 
enters DCF 55 via circulator 60d. After then propagating through DCF 55 and dispersion characteristics adjustment 
optical fiber 54, in that order, the light enters optical amplification device 58b via circulator 60c, is amplified by optical 
amplification device 58b, and via circulator 60b, enters and propagates through SMF 53. Thereafter, the light enters 
optical amplification device 58c via circulator 60d, is amplified by optical amplification device 58c, and received by opti- 

75 cal signal receiving device 59. 

[0118] The present inventor purports to enable WDM transmission in the bandwidths of both the C-band and the L- 
band. It is thus important, as has been described above, to compensate the dispersion and dispersion slope of the SMF 
and to restrict wavefomri distortion due to nonlinear phenomena in performing WDM transmission. In order to definitely 
restrict nonlinear phenomena, it is important that the cumulative dispersion of the optical transmission line at the optical 

20 signal wavelength does not become zero in the middle of the optical transmission line. 

[0119] The present inventor has thus constructed the optical transmission system of this embodiment so that nei- 
ther the cumulative dispersion of the optical transmission line for the optical signal of the first preset wavelength nor the 
cumulative dispersion of the optical transmission line for the optical signal of the second preset wavelength will be zero 
from the point immediately after input of the optical signal to the termination of the optical transmission line. That is, 

25 SMF 53, dispersion characteristics adjustment fiber 54, and DCF 55 were used as the optical fibers that comprise the 
optical transmission line as described above and the dispersion value and the dispersion slope of the respective optica! 
fibers were determined. Also, the optical signal transmission directions were detemnined so that the abovementioned 
optical signal of the first preset wavelength band and the abovementioned optical signal of the second preset wave- 
length band will be transmitted in mutually opposite directions. 

30 [0120] To be more specific, the dispersion characteristics of SMF 53, dispersion characteristics adjustment fiber 54, 
and DCF 55 in the wavelength band of 1520 to 1620nm (C-band + L-band) are shown in Fig. 9(a). In this Figure, dis- 
persion characteristics adjustment fiber 54 is indicated as "Adjustment F 54." Also, the characteristics of both the first 
preset wavelength band and the second preset wavelength band are shown in this Figure, with the ranges labeled 
"Rrst" in the Figure corresponding to the first preset wavelength band and the ranges labeled "Second" in the Figure 

35 con-esponding to the second preset wavelength band. 

[0121] (b) of the same Figure shows the cumulative dispersion of the optical transmission line for an optical signal 
of 1 520 to 1 620nm when this optical signal is presumed to be transmitted in the direction of transmission of the first pre- 
set wavelength band (in other words, from the left side to the right side of Fig. 8) in the optical transmission system of 
the present embodiment. To be more specific, the cumulative dispersions of the optical transmission line for an optical 

40 signal of 1520 to 1620nm are shown for the point after passage through SMF 53, the point after passage through dis- 
persion characteristics adjustment fiber 54, and the point after passage through DCF 55 (after passage through the ter- 
mination of the optical transmission line). 

[0122] Since only the optical signal of the first preset wavelength band is actually transmitted from the left side to 
the right side of Fig. 8 in the optical transmission system of this embodiment, the first preset wavelength band shall be 
45 noted with regard to Fig. 9(b). As is clear from this Figure, in the optical transmission system of this embodiment, the 
cumulative dispersion of the optical transmission line for the optical signal of the first preset wavelength will not be zero 
from the point immediately after input of the signal to the temnination of the optical transmission line (that is, across the 
entire optical transmission line). 

[0123] Also, the cumulative dispersion of the optical transmission line for the optical signal of the first preset wave- 
so length band is shown more specifically in Table 6 and Fig. 1 0(a), and this Table and Figure cleariy show that the cumu- 
lative dispersion of the optical transmission line for the optical signal of the first preset wavelength will not be zero from 
the point immediately after input of the signal to the termination of the optical transmission line. The cumulative disper- 
sion for light of a wavelength of 1575nm is shown in Fig. 1 0(a) and in the Tables from Table 6 onwards, dispersion char- 
acteristics adjustment fiber 54 is indicated as "Adjustment F 54." 

55 
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(Table 6) 



Optical fiber 


Fiber length (km) 


Characteristics of the optical fiber 


Cumulative dispersion of the 
line (ps/nm) 






Dispersion (ps/nnrj/km) 


Dispersion 

slope 
(ps/nm^/km) 










1 575nm 


1620nm 




1 575nm 


1 620nm 


SMF 53 (send- 
ing side) 


80.0 


18.2 


20.7 


0.0530 


1456 


1656 


Adjustment F 54 


6.0 


1.5 


6.4 


0.110 


1465 


1686 


DCF 54 (receiv- 
ing side) 


17.45 


-83.9 


-97.0 


-0.200 


1 


2 



[0124] Meanwhile, Fig. 9(c) shows the cumulative dispersion of the optical transmission line for an optical signal of 

20 1520 to 1620nm when this optica! signal is presumed to be transmitted in the direction of transmission of the second 
preset wavelength band (in other words, from the right side to the left side of Rg. 8) in the optical transmission system 
of the present embodiment. To be more specific, the cumulative dispersions of the optical transmission line for an opti- 
cal signal of 1520 to 1620nm are shown for the point after passage through DCF 55, the point after passage through 
dispersion characteristics adjustment fiber 54, and the point after passage through SMF 53 (after passage through the 

25 temilnation of the optical transmission line). 

[0125] Since only the optical signal of the second preset wavelength band is actually transmitted from the right side 
to the left side of Fig. 8 in the optical transmission system of this embodiment, the second preset wavelength band shall 
be noted with regard to Fig. 9(c). As is clear from this Rgure, in the optical transmission system of this embodiment, the 
cumulative dispersion of the optical transmission line for the optical signal of the second preset wavelength will also not 

30 be zero from the point immediately after input of the signal to the termination of the optical transmission line. 

[0126] Also, the cumulative dispersion of the optical transmission line for the optical signal of the second preset 
wavelength band is shown more specifically in Table 6 and Rg. 10(b). and this Table and Figure clearly show that the 
cumulative dispersion of the optical transmission line for the optical signal of the second preset wavelength will not be 
zero from the point immediately after input of the signal to the termination of the optical transmission line. The cumula- 

35 tive dispersion for light of a wavelength of 1 535nm is shown in Rg. 1 0(b). 



(Table 7) 



Optical fiber 


Fiber length (km) 


Characteristics of the optical fiber 


Cumulative dispersion of the 
line (ps/nm) 






Dispersion (ps/nm/km) 


Dispersion 

slope 
(ps/nm^/km) 










1535nm 


1560nm 




1535nm 


1560nm 


DCF55 (sending 

side) 


17.45 


-73.7 


-80.0 


-0.250 


-1286 


-1396 


Adjustment F 54 


6.0 


-2.95 


-0.2 


0.110 


-1303 


-1367 


SMF 55 (receiv- 
ing side) 


80.0 


16.0 


17.4 


0.0565 


-23 


-5 



[0127] As has been described above, with the optical transmission system of the present embodiment, since nei- 
55 ther the cumulative dispersion of the optical transmission line for an optical signal of the first preset wavelength band 
nor the cumulative dispersion of the optical transmission line for an optical signal of the second preset wavelength band 
will be zero from the point Immediately after the input of the optical signal to the termination of the optical transmission 
line, waveform distortion due to nonlinear phenomena can be restricted without fall. 
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[0128] In particular, with the optical transmission system of this embodiment, since the directions of transmission 
were detennined so that the optical signal of the first preset wavelength band and the optical signal of the second preset 
wavelength band will be transmitted in mutually opposite directions, the overlapping of the optical signal of the first pre- 
set wavelength band with the optical signal of the second preset wavelength band can also be restricted. Since noniin- 
5 ear phenomena tend to occur more readily as the intensity of the optical signal becomes higher, nonlinear phenomena 
can be restricted from this aspect as well. 

[0129] Rg. 1 1 shows a second embodiment of an optical transmission system of this invention. The optical trans- 
mission system of this second embodiment is ananged in nearly the same manner as the above-described optical 
transmission system of the first embodiment and the same symbols are attached to parts of the same name. In the 
10 description of this second embodiment, parts that overlap with those of the description of the first embodiment given 
above shall be omitted. The characteristic difference of this second embodiment with respect to the above-described 
first embodiment is that the position of installation of circulator 60c is set between dispersion characteristics adjustment 
optical fiber 54 and DCF 55. 

[0130] By this arrangement, the optical signal of the second preset wavelength, after being transmitted through 
75 DCF 55, will be transmitted to the SMF 53 side without passing through dispersion characteristics adjustment optical 
fiber 54. 

[0131] Since dispersion characteristics adjustment optical fiber 54 has a positive dispersion slope in the C-band. 
the slope of the cumulative dispersion in the direction of progress of the optical signal of the second preset wavelength 
band will be large after passage through both the dispersion characteristics adjustment optical fiber 54 and the SMF 53 

20 as shown in Rg. 9(c). An arrangement such as that of the second embodiment can thus be considered as a way by 
which just the optical signal of the second preset wavelength band will be prevented from passing through dispersion 
characteristics adjustment optical fiber 54. With such an arrangement, the slope of the cumulative dispersion of the opti- 
cal transmission line for the optical signal of the second preset wavelength after passage through both dispersion char- 
acteristics adjustment optical fiber 54 and SMF 53 will be smalt. 

25 [0132] The cumulative dispersion of the optical transmission line for the optical signal of the second preset wave- 
length in the optical transmission system of the second embodiment is shown in Table 8 and Rg. 1 2(a). As is dear from, 
this Table and Figure, the cumulative dispersion for the optical signal of the second preset wavelength will not be zero 
from the point immediately after optical signal input to the termination of the optical transmission line in the second 
embodiment as well. The cumulative dispersion for light of 1535nm wavelength is shown in Fig. 12(a). 

30 



(Table 8) 



Optical fiber 


Rber length (km) 


Characteristics of the optical fiber 


Cumulative dispersion of the 
line (ps/nm) 






Dispersion (ps/nm/km) 


Dispersion 

slope 
(ps/nm^/km) 










1535nm 


1560nm 




1535nm 


1560nm 


DCF 55 (sending 
side) 


17.45 


-73.7 


-80.0 


-0.250 


-1286 


-1396 


SMF 53 (receiv- 
ing side) 


80.0 


16.0 


17.4 


0.0565 


-6 


-4 



[0133] Also with the optical transmission system of the second optical transmission system, since the cumulative 
dispersion of the optical transmission line for the optical signal of the first preset wavelength band will be the same as 
that of the above-described first embodiment, the cumulative dispersion for the optical signal of the first preset wave- 
50 length will also not be zero from the point immediately after optical signal input to the termination of the optical trans- 
mission line. 

[0134] For reference, the cumulative dispersion of the optical transmission line for the optical signal of the first pre- 
set wavelength band in the case where the dispersion characteristics adjustment optical fiber 54 has been omitted is 
shown in Table 9 and Rg. 12(b). The cumulative dispersion for light of 1575nm wavelength is shown in Rg. 12(b). In this 
55 case, the cumulative dispersion for the optical signal of the first preset wavelength band becomes zero at the temnina- 
tion of the optical transmission line and four-wave optical mixing tends to occur readily It can thus be understood that 
an arrangement, in which the optical signal of the first preset wavelength band Is made to pass through the dispersion 
characteristics adjustment optical fiber 54 as in the optical transmission system of the second embodiment, is effective 



16 



EP 1 083 446 A1 

for the restriction of nonlinear phenomena. 



(Table 9) 



5 


Optical fiber 


fiber length (km) 


Characteristics of the optical fiber 


Cumulative dispersion of the 
line (ps/nm) 








Dispersion (ps/nm/km) 


Dispersion slope 
(ps/nm^/km) 






10 






1 575nm 


1620nm 




1575nm 


1620nm 




SMF{sending 
side) 


80.0 


18.2 


20.7 


0.0555 


1456 


1656 


15 


DCF (receiving 
side) 


17.45 


-83.9 


-96.95 


-0.290 


-8 


-36 



[0135] Table 1 0 summarizes the cumulative dispersion value at the temiination of the optical transmission line and 
the occun'ence of zero dispersion passage forthe optical signal of the first preset wavelength band and the optical sig- 

20 nal of the second wavelength band in the optical transmission systems of the second embodiment and the above- 
described first embodiment. The abovementioned termination of the optical transmission line will differ according to the 
transmission direction of the optical signal, and will be the termination of DCF 55 in the case of the optical signal of the 
first preset wavelength and will be the temnination of SMF 53 in the case of the optical signal of the second preset wave- 
length. The results for the case where dispersion characteristics adjustment optical fiber 54 is not installed are also 

25 shown as a comparative example in Table 1 0. 



(Table 10) 



Arrangement of 
the optical 
transmission 


Second preset wavelength band 


First preset wavelength band 




Cumulative dispersion 
(ps/nm) 


Occurrence of 
zero dispersion 
passage 


Cumulative dispersion 
(ps/nm) 


Occurrence of 
zero dispersion 
passage 




1535nm 


1560nm 




1575nm 


1 620nm 




First embodi- 
ment 


-23 


-6 


None 


1 


2 


None 


Second embodi- 
ment 


-6 


-4 


None 


1 


2 


None 


Comparative 
example 


-6 


-4 


None 


-8 


-36 


Occurs 



45 

[0136] As Is clear from this Table, whereas the dispersion value for which the absolute value is the maximum in the 
entire wavelength band of C-band + L-band is -36ps/nm/km, the dispersion can be reduced significantly to -23ps/nm/km 
with the first embodiment of the optical transmission system. The maximum value of the absolute value of the disper- 
sion can be reduced significantly further to -6ps/nm/km with the second embodiment of the optical transmission system. 
so Also with the respective embodiments of optical transmission system, the cumulative dispersion will not be zero for both 
the first preset wavelength band and the second preset wavelength band. 

[0137] The present invention is not limited to above-described embodiments and examples and may be set as 
suited. For example, the first preset wavelength band, the second preset wavelength band, and the preset wavelength 
band are not restricted in particular and may be set as suited. For example, the preset wavelength band may be set at 
55 a wavelength outside the range of 1 520 to 1 620nm. 

[0138] Also, in the case where a WDM coupler, etc. is used in any of the optical transmission systems of the above- 
described embodiments to divide the optical signals of the respective wavelength bands of the L-band and the C-band, 
a wavelength Interval of 5 to 1 0nm that cannot be used will arise between the first preset wavelength band and the sec- 
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ond wavelength band. The optical transmission system may thus be arranged so that the cumulative dispersion for an 
optica! signal in this wavelength band will be zero. 

[0139] When an optical transmission system is an^anged by providing a dispersion characteristics adjustment opti- 
cal fiber 54 as in any of the optical transmission systems of the above-described embodiments, the dispersion charac- 
5 teristics adjustment optical fiber 54 will have zero dispersion in the first or second preset wavelength band in many 
cases. Dispersion characteristics adjustment optical fiber 54 is thus preferably disposed not at the end part of the opti- 
cal transmission line but between an SMF or other positive dispersion optical fiber and the DCF, RDF, or other negative 
dispersion optical fiber as in the above-described embodiments. 

10 Industrial Applicability 

[0140] As has been described above, the optical transmission line, the negative dispersion optical fiber used in the 
optical transmission line, and the optical transmission system that uses the optical transmission line of this invention 
can compensate tlie dispersion and dispersion slope of an SMF or other positive dispersion optical fiber. Moreover, 
75 since the abovementioned optical transmission line, negative dispersion optical fiber used in the optical transmission 
line, and the optical transmission system that uses the optical transmission line can also restrict nonlinear phenomena, 
they are suited for wavelength division multiplexed transmission. 

Claims 

20 

1. An optical transmission line characterized in that a positive dispersion optical fiber, with which both the dispersion 
value and dispersion slope in a preset wavelength band within a wavelength band of 1 570 to 1 620nm are positive, 
is connected to a negative dispersion optical fiber, which compensates the dispersion and dispersion slope of said 
positive dispersion optical fiber in said preset wavelength band, to make the dispersion value of the optical trans- 

25 mission line as a whole greater than or equal to -1 ps/nnrVkm and less than or equal to 1 ps/nm/lcm within said preset 
wavelength band. 

2. An optical transmission line characterized in that a positive dispersion optical fiber, with which both the dispersion 
value and dispersion slope in a preset wavelength band within a wavelength band of 1570 to 1620nm are positive, 

30 a negative dispersion optical fiber, which compensates the dispersion and dispersion slope of said positive disper- 
sion optical fiber in a wavelength band adjacent the wavelength band of 1570 to 1 620nm, and a dispersion charac- 
teristics adjustment fiber, which compensates the dispersion and dispersion slope in said preset wavelength band 
of the optical fiber connection unit formed by connection of said negative dispersion fiber and said positive disper- 
sion optical fiber, are connected to make the dispersion value of the optical transmission line as a whole greater 

35 than or equal to -1 ps/nm/km and less than or equal to 1 ps/nm/km within said preset wavelength band. 

3. An optical transmission line as set forth in claim 2, wherein the wavelength band adjacent the wavelength band of 
1 570 to 1 620nm is set to the wavelength band of 1 520 to 1 570nm. 

40 4. An optical transmission line as set forth in claim 1 , 2 or 3, wherein the dispersion value in the 1 520 to 1 570nm wave- 
length band of the optical transmission line as a whole is made greater than or equal to -1 ps/nm/km and less than 
or equal to 1 ps/nnn/km. 

5. An optical transmission line as set forth in claim 1, 2 or 3, wherein a function for compensating the wavelength 
45 dependence of the transmission loss in the wavelength band of 1 570 to 1 620nm Is added. 

6, An optical transmission line as set forth in claim 4, wherein a function for compensating the wavelength depend- 
ence of the transmission loss in the wavelength band of 1570 to 1620nm is added. 

50 7. An optical transmission line characterized In that a positive dispersion optical fiber, with which the dispersion value 
and dispersion slope in a preset wavelength band within a wavelength band of 1520 to 1570nm are both positive, 
a negative dispersion optical fiber, which compensates the dispersion and dispersion slope of said positive disper- 
sion optical fiber in a wavelength band adjacent to the wavelength band of 1520 to 1570nm, and a dispersion char- 
acteristics adjustment fiber, which compensates the dispersion and dispersion slope in said preset wavelength 

55 band of the optical fiber connection unit formed by connection of said negative dispersion fiber and said positive 
dispersion optical fiber, are connected to make the dispersion value of the optical transmission line as a whole 
greater than or equal to -1 ps/nnn/km and less than or equal to 1 ps/nm/km within said preset wavelength band. 
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8. An optical transmission line as set forth in claim 7, wherein the wavelength band adjacent to the wavelength band 
of 1 520 to 1 570nm is set to the wavelength band of 1 570 to 1 620nm. 

9. An optical transmission line as set forth claim 1 , 2, 3, 6, 7, or 8, wherein the positive dispersion optical fiber has a 
5 positive dispersion in at least the wavelength band of 1520 to 1 620nm. 

10. An optical transmission line as set forth in claim 4, wherein the positive dispersion optical fiber has a positive dis- 
persion in at least the wavelength band of 1520 to 1620nm. 

10 11. An optical transmission line as set forth in claim 5, wherein the positive dispersion optical fiber has a positive dis- 
persion in at least the wavelength band of 1520 to 1620nm. 

12. An optical transmission line as set forth in claim 1, 2, 3, 6, 7, or 8, wherein the negative dispersion optical fiber has 
a negative dispersion in at least the wavelength band of 1 520 to 1 620nm. 

75 

13. An optical transmission line as set forth in claim 4, wherein the negative dispersion optical fiber has a negative dis- 
persion in at least the wavelength band of 1520 to 1620nm. 

14. An optical transmission line as set forth in claim 5, wherein the negative dispersion optical fiber has a negative dis- 
20 persion in at least the wavelength band of 1520 to 1620nm. 

15. A negative dispersion optical fiber characterized in being used in any of the optical transmission lines of claims 1 
through 14, having the dispersion value at an arbitrary single wavelength in the preset wavelength band within the 
wavelength band of 1 570 to 1 620nm being set to greater than or equal to -75ps/nm/km and less than or equal to - 

25 15ps/nm/km, and being made negative in the value of the dispersion slope in said preset wavelength band and 
thereby provided with the characteristics of lowering the dispersion value and dispersion slope in said preset wave- 
length band of a positive dispersion optical fiber Installed in the optical transmission line. 

16. A negative dispersion optical fiber as set forth in claim 15, wherein the transmission loss at an arbitrary single wave- 
30 length in the preset wavelength band within the wavelength band of 1570 to 1620nm is set to 0.27db/lcm or less, 

the polarization dependence loss is set to 0.15ps/km1/2 or less, and the mode field diameter is set to 5.5^m or 
more to provide bending loss characteristics that enable the fiber to be made into a cable. 

17. A negative dispersion optical fiber as set forth in claim 15 or 16, wherein a center core with an outer diameter of a, 
35 a side core, which sun-ounds the center core and has an outer diameter of b, and a cladding, which surrounds the 

side core, are provided, and when the specific differential refractive indices of said center core and side core based 
on the refractive index of said cladding are given as A1 and A2, respectively, the value of a/b is set within the range, 
0.4 to 0.55, the value of A2/M is set within the range, -0.45 to -0.30, A1 is set within the range, 1 to 1.4%, and the 
value of a is set within the range 1 0.5 to 1 4.0|am. 

40 

18. A negative dispersion optical fiber as set forth in claim 15 or 16, wherein a center core with an outer diameter of a, 
a first side core, which surrounds the center core and has an outer diameter of b, a second side core, which sur- 
rounds the first side core and has an outer diameter of c, and a cladding, which surrounds the second side core, 
are provided, and when the specific differential refractive indices of said center core, first side core, and second 

45 side core based on the refractive index of said cladding are given as A1 . A2 and A3, respectively, the value of A1 is 
set within the range, 0.9 to 1 .5%, the value of A2 is set within the range, -0.5 to -0.2%, the value of A3 is set within 
the range, 0.2 to 0.3%, a, b, and c are set to satisfy a < b < c, the value of a:b:c is set within the range, 1 : 2 to 2.5 
: 2.5 to 3.5, and the value of c Is set within the range 13 to 19|im. 

50 19. An optical transmission system characterized in that an optical transmission line of any of claims 1 through 14 is 
installed and when an optical signal is to be transmitted along this optical transmission line, the optical signal is 
transmitted upon dividing the optical signal into an optical signal of a first preset wavelength band within a wave- 
length band of 1 570 to 1 620nm and an optical signal of a second preset wavelength band within a wavelength band 
adjacent the wavelength band of 1570 to 1 620nm. 

55 

20. An optical transmission system as set forth in claim 1 8, wherein the optical signal of the first preset wavelength 
band and the optical signal of the second preset wavelength band are transmitted in mutually opposite directions. 
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21. An optical transmission system characterized in that an optical transmission line of any of claims 2 through 14 is 
formed by connecting the positive dispersion optical fiber, the dispersion characteristics adjustment optical fiber, 
and the negative dispersion fiber in that order, the terminal part of the positive dispersion optical side of this optical 
transmission line is used as the input temninal part for an optical signal of a first preset wavelength band within a 
5 wavelength band of 1 570 to 1 620nm, the terminal part of the negative dispersion optical side of the optical trans- 
mission line is used as the input terminal part for an optical signal of a second preset wavelength band within a 
wavelength band adjacent to 1570 to 1620nm, and the optical signal of the first preset wavelength band and the 
optical signal of the second preset wavelength band are transmitted in mutually opposite directions. 

10 22. An optical transmission system as set forth in claim 1 9, 20, or 21 , wherein the respective dispersion values and dis- 
persion slopes of the optical fibers that comprise the optical transmission line and the transmission directions of the 
optical signals are detemiined so that neither the cumulative dispersion of the optical transmission line with respect 
to the optical signal of the first preset wavelength band nor the cumulative dispersion of the optical transmission line 
with respect to the optical signal of the second preset wavelength band will be zero from the point Immediately after 

15 optical signal input to the temnination of the optical transmission line. 
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Fig. 6 
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